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Abstract 
To study, evaluate and analyse cost of ground source heat pump system (GSHP) in Brisbane, 
Australia. Residential, institutional and commercial buildings across Australia account for 
about 38.4% of carbon emission and energy consumption. However, with the rising energy 
cost in Australia, this study uses numerical analysis to investigate a more economical and 
renewable form of space heating and cooling.   
Geothermal energy is a cost effective, sustainable and reliable source of energy generated by 
earth but has been historically limited to areas near volcanos. However, as technology 
advances, we have expanded the area and range of harnessing geothermal energy as a source 
of renewable and sustainable energy. 
This study was conducted as follows: (i) analyse the impact factors that affect the GSHP 
sensitivity; (ii) conduct sensitivity analysis on the impact factors of the GSHP system and (iii) 
analyse the economic feasibility on small scale residential units. 
The main findings are: (i) GSHP has the fastest payback period in SA, NT, NSW & VIC; and 
(ii) borehole spacing is the most significant impact factor with negligible increment in cost. 
(iii) Its more economical for GSHP system to operate on balanced thermal loads  
The results of this study can be: (i) used to establish an optimal design strategy for different 
regional fields and seasons and (ii) implement scenarios with government incentives to make 
GSHP more financially attractive.  
The result of this study will increase awareness and promote usage of the GSHP as an 
alternative source for heating and cooling buildings thus creating a greener environment for 
the future.  
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1 Objectives and goals 
 
1. The aim of this project is to explore the application of ground source heat pump 
(GSHP) system as an environmentally friendly and efficient heating and cooling 
mechanism for buildings with a case study on Lone Pines Koala Sanctuary. This 
paper introduces the basic heat exchange concept as the guiding principle behind the 
GSHP and uses mathematical models to analyse factors including environmental and 
technological factors.  
 
2. Sensitivity analysis is done with different variables to conclude which factors impact 
its efficiency and operational economy. 
 
3. Provide a cost evaluation in different states of Australia to determine if GSHP is 
feasible  
 
4. The paper compares the application of GSHP and the policy which could affect the 
demands of GSHP in the near future to raise greater awareness on the importance of 
GSHP. 
 
 
2 Executive Summary 
 
Be it for commercial or residential usage, ground source heat pumps are efficient methods of 
space heating and cooling. The GSHP system can be used effectively for a wide variety of 
applications ranging from a single residential household to large commercial pools for 
housing platypus. 
 
Using very little energy and having a long operating shelf life that requires little maintenance, 
GSHP sounds like the obvious choice for consumers. GSHP is thriving and it is one of the 
fastest growing renewable energy in the world.   
 
So why are majority of Australians not using GSHP? A key reason lies in the high upfront 
investment cost for labour in drilling and installing of deep boreholes which is an essential 
component for the GSHP. Moreover, with return on investment period of anywhere from 5 to 
15 years, the GSHP may not present as a viable option for everyone. Another critical factor is 
Australia’s climate. For GSHP to operate efficiently, climates of hot summers and cold 
winters are ideal conditions for high performance output. But with a majority of Australia 
being cold-dominated, GSHP have a relatively lower performance output.  
 
However, with energy prices doubling in the past decade and the community are getting more 
environmentally conscious, we might see a potential growth in GSHP. 
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3 Introduction (Theory) 
 
3.1 Principal of vapor compression cycle 
 
Vapour compression cycle is a refrigeration process whereby a refrigerant undergoes phrase 
change and most commonly used for air conditioning of buildings. The vapour compression 
works by circulating a refrigerant as a medium that absorbs heat from a space and rejects it 
elsewhere. The compression system consists of the 4 components: compressor, condenser, 
expansion valve and evaporator.  
 
Compressor: A reciprocating compressor that uses pistons driven by crankshaft to deliver gas 
at high pressure (Isentropic compression). 
 
Condenser: Removes heat from refrigerant and cooling it to liquid state (Isobaric heat 
rejection). 
 
Expansion valve: Maintains flow of refrigerant (Isentropic expansion). 
 
Evaporator: Heat addition and turns refrigerant into gaseous state (Isobaric heat addition). 
 
 Source: Cengel and Boles (1998) 
 
3.2 Heat source and heat sink 
 
Several different types of environmental heat source and heat sink have been paired with heat 
pump in building for heating and cooling applications. The most common practice is to 
extract and reject heat using a refrigerant-to-air heat exchange cycle with a fan air-source heat 
pump (ASHP) system.  
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3.3 Ground source heat pump system configuration 
 
Heat pump is a mechanical equipment to transfer heat from a lower temperature source to a 
higher temperature sink. In this report, we will focus on transferring heat between buildings 
and the external environment. This process will be done by rejecting heat to the environment 
while cooling the building. The thermodynamic cycle used to move heat between source and 
sink will be the vapour-compression cycle whereby refrigerant gas is evaporated, compressed 
and condensed in turn to transfer heat. The enthalpy changes between the condenser and 
evaporator indicates the heat transfer rate per unit mass of refrigerant flowing. The efficiency 
of the heat pump is quantified by Coefficient of Performance (COP).  
 
3.4 Vertical borehole 
 
Boreholes are usually drilled 15 to 125 meters in depth and connected with U-shaped 
connectors. A common practice is to coat the outer surrounding pipes with bentonite or 
concrete grout to provide better thermal conductivity. Boreholes are required to be spaced at 
least 5 meters apart for optimal performance. 
 
The required borehole diameter and length are largely influence by native soil materials. If 
soil conditions are relatively damped, conventional bentonite grout tends to reduce thermal 
performance and ultimately increase length of ground loop. Hence, proper design of borehole 
is essential to good efficiency. 
 
 
 
 
 
Diagram 1: Schematic diagram of ground heat source pump system (Weibo yang, n.d.) 
 
3.5 Material and refrigerant  
 
Polyethylene pipes (PE) are commonly used for geothermal pipes but the material does not 
have enough pressure rating for deeper vertical bores. High density polyethylene (HDPE) is 
the material of choice for GSHP as it is relatively cheap; durable and flexible in extreme 
ground conditions; and has high impact resistance. Moreover, HDPE pipe can simply be 
jointed together by heat fuse method to ensure leak-proof quality.  
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Refrigerant circulating throughout the ground loops consists of a mixture of water and anti-
freeze. After circulating through the ground loop, the anti-freeze enters a water-to-refrigerant 
indoor heat exchanger and from there it absorbs heat and begins the cycle again.     
 
Table 1: SWOT analysis of ground source heat pump technology  
 
Strengths Weakness 
1. Harnessing free environmental energy 
2. Safe 
3. No carbon emission 
4. High overall efficiency  
5. Lower maintenance  
6. Reversible cycle 
 
1. Limited individual room temperature 
control 
2. High upfront cost (drilling & laying) 
3. Not suitable for all ground condition 
and climate 
4. Refrigerant leak will cause ozone 
depletion 
Opportunities Threats 
1. Suitable for low energy buildings  
2. Vertical loops could be used in land 
scarce area 
3. Communal schemes where cost is 
shared by multiple occupants 
1. Limited thermal power 
2. Poor design leads to under heated 
building and causes GSHP to be 
discredited 
3. Brisbane is cold-dominated which 
equates to low COP performance  
4. High labour cost  
 
 
 
 
4 Case Study (Lone Pines Koala Sanctuary) 
 
4.1 Background information 
 
Operating for more than 90 years, Lone Pines Koala Sanctuary is a popular tourist destination 
in Brisbane. In 2013, the General Manager Mr. Robert Friedler decided that it was time that 
Lone Pines reduced its carbon footprint and strived towards self-sufficiency for a greener 
future. They started with installation of solar panels across Lone Pines to power their 
electronics and lightings. Tesla batteries were used to store solar energy harnessed during day 
time to power refrigerator through the night. However, the self-sufficiency efficiency using 
solar renewable energy was estimated at only 25%.  
 
A simple investigation shows that Lone Pines has high usage of air conditioning in their 
office, reptile habitat and platypus house. To improve on using green energy, geothermal 
energy was introduced in late 2015. A total of 3 boreholes, each with 80 m in depth, were dug 
and installed with ground source heat pump system. The combined utilization of solar and 
geothermal energy sources has boosted self-sufficiency efficiency rate to 60%.  
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4.2 Primary building 
 
This case study is focused on an administration office with a total floor area of 240 square 
metres inside Lone Pines Koala Sanctuary, 708 Jesmond Road.  
 
Diagram 2: Sectional elevations of primary building 
 
 
Picture 1: Front view of Platypus House 
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Table 2: Overview on Lone Pines Platypus House building 
 
Building technical data 
Unit of  
measurement 
Gross Floor area 240 𝑚2 
  
Thermal characteristics  
Grout thermal conductivity 0.99 W/m.k 
Average soil thermal conductivity  0.364 W/m.k 
Specific heat soil  800 J/Kg K  
Density of soil 1600 kg/ 𝑚3 
  
Operational characteristic  
Office – cooling (9:00 am – 5:00 pm)  24 °C 
Platypus House cooling 24 hours  21°C 
Borehole depth 80 m 
Borehole diameter 150 mm 
Flow rate, m 5.55 kg/s 
Borehole spacing 5 m 
Refrigerant R410 density, p 1040 kg/𝑚3 
 
4.3 Soil conditions  
 
The thermal diffusivity and conductivity vary according to soil conditions as shown in tables 3 and 4. 
 
Table 3: Thermal diffusivity of ground 
 
Temperature measurements for the depth of the 
borehole have shown that the annual temperature 
cycle of soil between 15 and 20 meters remains 
relatively constant at about 23 °C.  
 
The temperature measurements that were taken 
from this depth is very dependent on the thermal 
conductivity of the top layer of soil. 
Measurements are taken via 
http://www.bom.gov.au/products/IDQ60604.shtm
l.   on the 31st of August 2018.  
 
 
 
 
 
 
 
 
Heat flow is calculated by multiplying geothermal 
gradient with thermal conductivity.  
Rocks that are rich in quartz like sandstone 
possess a higher thermal conductivity while rocks 
that are rich in clay has a lower thermal 
conductivity.  
Types of 
ground 
Thermal 
diffusivity α 
Rock 0.020 
Dry sand 0.001 
Wet sand 0.010 
Dry clay 0.002 
Wet clay 0.015 
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Table 4: Thermal conductivity of ground at various depths 
Depth Soil condition 
Density 
Kg/m3 
Thermal 
Conductivity 
W/m-k 
0 – 1 m Gravel, sand, silt 1950  0.225 
2 – 14 m 15% to 30% silt with 
remaining sand 
1660 0.83 
15 – 55 m Clay 15% - 20 % 
Sandstone 80% 
- 0.364 
56 – 75 m Clay 15% - 25 % 
Sandstone 75% 
- 0.364 
(Abu-Hamdeh, 2003) 
 
Table 5 : Kasuda formula for various depths  
𝑇 =  𝑇𝑚𝑒𝑎𝑛 − 𝑇𝑎𝑚𝑝 ∗ exp (−𝑍 ∗ √
𝜋
365∗𝑎
 )* 
        𝑐𝑜𝑠 (
2𝜋
365
∗ (𝑡𝑦𝑒𝑎𝑟 − 𝑡𝑠ℎ𝑖𝑓𝑡 −
𝑍
2
∗
√
365
𝑎𝜋
)) 
 
 
T = Temperature of soil  
𝑇𝑚𝑒𝑎𝑛 = Average air temperature  Using MATLAB, soil temperature is shown at 
various depths (Temp recordings of 2016)  
 
𝑇𝑎𝑚𝑝 = Amplitude of surface temperature 
(max:  𝑇𝑚𝑒𝑎𝑛 + 𝑇𝑎𝑚𝑝 and min: 𝑇𝑚𝑒𝑎𝑛 −
𝑇𝑎𝑚𝑝) 
 
Z = Depth   
α = Thermal diffusivity   
𝑡𝑦𝑒𝑎𝑟 = Current time (day)  
𝑡𝑠ℎ𝑖𝑓𝑡 = day of year of min surface 
temperature  
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4.4 Specification of components 
 
 
 
Table 6: Specification of components of Lone Pines Platypus house 
Main Components Sub components Specification 
Ground circuit Ground heat exchanger 
 
Circulating pump 
Vertical closed u-bend 
Borehole diameter 150 mm 
Manufacturer: QPS Geothermal 
Model: GEO36AS 
Power output: KW 
 Copper pipe R410A copper pipe 
Heat pump circuit Heat exchanger Manufacturer: Davey 
Capacity: 35 KW 
 Compressor Manufacturer: Matsushida 
Type: Rotary 
Refrigerant: R410A 
 Indoor fan Manufacturer: LG 
Cooling capacity: 9.5KW 
Air flow rate: 22 m3/min 
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5 Sensitivity analysis     
 
We will investigate the design factors that influence GSHP efficiency via sensitivity analysis 
by changing one variable while keeping the rest constant. The variables comprise of fluid 
velocity in pipe; soil thermal conductivity; ground temperature/ thermal conductivity; 
borehole spacing and pressure. 
 
Table 7: Overview of impact factors on GSHP sensitivity 
 
 
Classification Impact Factor 
Regional Factor Ground Temperature ℃ 
Ground thermal conductivity (W/m. K) 
 
System factor Power input (KW) 
COP 
 
Design factor Fluid velocity (m/s) 
Soil thermal conductivity (W/m. K) 
Backfill thermal conductivity (W/m. K) 
Borehole Spacing (m) 
 
 
Regional factors are considered non-adjustable variables as they are fixed with the 
environment. Secondly, system factors are also fixed as capacity is determined by 
manufacturer. Thirdly, design factors are classified as impact factors that will affect GSHP 
system. However, borehole arrangement is excluded in this sensitivity analysis as it is limited 
to installation site area.  
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5.1  Fluid velocity 
The system operates under drilling space of 5m, drilling length of 80 m and backfill of 3 m. 
From water property table @ 15℃, 
k=0.589, 𝑐𝑝 = 4185 and Pr=8.09 p =999.1 
𝑢 = 1.138 𝑥 10−3 
Re = 
𝑝𝑉𝐷ℎ
𝑢
 , 𝐷ℎ = 0.15, 𝐴𝑠 = 37.7𝑚
2 
 Nu= 3.66 +
0.065(
𝐷
𝐿
)𝑅𝑒𝑃𝑟
1+0.04[(
𝐷
𝐿
)𝑅𝑒𝑃𝑟]2/3
 = 
ℎ𝐷ℎ
𝑘
 
?̇? = ℎ𝐴𝑠𝛥𝑇𝑙𝑛 
𝛥𝑇𝑖 = 22.5℃ , 𝛥𝑇𝑒 = 5℃  
𝛥𝑇𝑙𝑛 =
𝛥𝑇𝑒 − 𝛥𝑇𝑖
ln (
𝛥𝑇𝑒
𝛥𝑇𝑖
)
 
 
 
Velocity, V, m/s 0.04 0.05 0.06 0.07 0.09 
?̇? (KJ) 100 100 100 100 100 
Reynolds number  5268 6585 7901 9218 11850 
Fix inlet temperature °C 37.5 37.5 37.5 37.5 37.5 
Nu Nusselt number 8.59 9.82 11.04 12.27 14.72 
Heat transfer coefficient h  33.73 38.56 43.36 48.18 57.8 
Exit temperature 𝑇𝑒 °C 17.173 16.156 15.546 15.238 15.128 
 
5.2  Soil conductivity 
The system operates under fluid velocity of 0.06m/s, drilling length of 80m and backfill of 3 
m.  
 
 
 
r2=160mm, r1 = 150mm, ?̇?𝑐𝑜𝑛𝑑 = −𝐾𝐴
𝑑𝑇
𝑑𝑟
= 2𝜋𝐾𝐿
𝑇1−𝑇2
ln (
𝑟2
𝑟1
)
 
 Thermal conductivity/W/ (m.k) 0.15 0.21 0.27 0.33 0.39 
Fix inlet temperature °C 37.5 37.5 37.5 37.5 37.5 
?̇?𝑠𝑦𝑠𝑡𝑒𝑚 (KW) 100 100 100 100 100 
(Temp difference) Outlet temperature 
°C 
21.88 19.21 17.47 16.14 15.40 
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5.3  Backfill thermal conductivity 
Backfill material ranges from coarse grained soil to thermal sand which has a range of 
thermal conductivity of 1.1 to 2.7 (W/m. k)  
The system operates under drilling space of 5m, fluid velocity of 0.06m/s and drilling length 
of 80m  
 
 
 
 
 
With backfill Without backfill 
 
 
Backfill height 
(m) 
Backfill thermal 
conductivity k 
(W/m. k) 
?̇? (KW) 
Heat transferred to 
surface 
3 1.1 2.80 
3 1.5 3.81 
3 1.8 4.58 
3 2.1 5.35 
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5.4.1  Borehole spacing (Steady state heat transfer to soil) 
The system operates under fluid velocity of 0.06m/s, soil thermal conductivity of 0.364 
(W/m. k) and drilling length of 80m.  
 
 
 
 
Element size of soil domain 10mm 
Element size of pipe edges 1mm 
Element size of boundary layers 2mm 
Heat transfer into soil domain 
 
Cross section “wall” radial heat transfer 
 
 
Heat transfer in radial direction 
 
 
Borehole 
spacing 
2m 3m 4m 5m 6m 
𝑇𝑀𝑎𝑥  37.5℃ 37.5℃ 37.5℃ 37.5℃ 37.5℃ 
𝑇𝑀𝑖𝑛  26.76℃ 22.03℃ 19.34℃ 16.84℃ 15.81℃ 
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5.4.2  Borehole spacing (Steady state heat transfer to lateral pipe)  
 
 
Heat transfer rate ?̇? from varying distance 
Z 
 
 
?̇?= Sk(𝑇1 − 𝑇2) 
 
Borehole spacing  
(m) 
Soil thermal 
conductivity k (W/m. 
k) 
S  
(dimensionless) 
?̇? (W) 
Heat transferred to 
lateral pipe 
1 0.364 11.02 100.32 
2 0.364 6.53 59.45 
3 0.364 5.29 48.14 
4 0.364 4.66 42.43 
5 0.364 4.27 38.85 
 
The sensitivity analysis on the environmental impact and energy generation of the GSHP 
system was performed by changing only one design factor by varying the distance between 
boreholes. The sensitivity influence coefficient (IC) is significantly lower when boreholes are 
drilled further apart. The equation below has been used in the assessment of sensitivity. 
𝐼𝐶 = (𝛥𝑂𝑃/𝑂𝑃𝑖𝑛𝑖)/(𝛥𝐼𝑃/𝐼𝑃𝑖𝑛𝑖) 
Impact factors  Influence coefficient value 
  Cooling period 
Fluid velocity 
m/s 
0.4 
0.5 
0.6 
0.7 
-0.002 
-0.0017 
-0.0014 
-0.0013 
Soil thermal 
conductivity 
W/ (m.K) 
0.21 
0.27 
0.33 
0.39 
-0.077 
-0.061 
-0.056 
-0.040 
Backfill thermal 
conductivity 
W/ (m.K) 
1.1 
1.5 
1.8 
2.1 
-0.04 
-0.032 
-0.024 
-0.018 
Borehole 
spacing 
m 
2 
3 
4 
5 
-0.82 
-0.61 
-0.32 
-0.16 
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6 Cost and Evaluation 
 
6.1   Cost  
 
Reference system and assumptions 
The project costs presented here are for illustration purposes. These cost and savings in 
AUD are based on an average Queensland residential property (Queensland goverment 
data analysis report, 2004) based on:  
 
a) Negligible inflation on fuel/electricity 
b) All cost in this study includes 10% 
Goods and services tax (GST) 
cost = (𝑊𝑒𝑙𝑒𝑐,𝑖𝑛) ∗ (8ℎ𝑟/𝑑𝑎𝑦̇ ) ∗
(𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡) 
 
Cost considered: 
 
  
 
 
The upfront cost of Lone Pines Geothermal System is estimated at A$30,000* and the return 
on investment took them 5.5 years*. The other costs include operating and maintenance on 
the circulating pump which must be serviced annually.  
*These figures were provided by Mr. Cass Gibbs, an engineer working at Lone Pines 
6.2 Evaluation 
 
With work being performed on cooling mode only, results show that heat pumps are running 
below designed values. The two contributing factors include:  
 
6.2.1 Change and repair of water pipeline. According to Mr Robert Friedler, a recent 
upgrading of pipeline in early 2017 increased the water supplied to Platypus 
House raising the temperature by 1.5 degrees. 
 
6.2.2 Impervious bitumen road was laid on top of the boreholes. This can reduce 
wear and tear damage to the surfaces of boreholes however bitumen thermal 
properties cause soil temperature to be relatively higher during the peaks of 
summer. (note that is would affect the top 5 meters of the borehole, 
approximately 6.3% of system) 
 
 
18 
 
6.3 Feasibility study of GSHP on residential building  
 
A 125 𝑚2 household in Queensland uses an average of 2.75 KW of heating load and 6.48 
KW of cooling load which sums to 1.6 MWh/yr for heating and 18 MWh/yr for cooling. By 
using technical data supplied by MP Energy Consulting Pty Ltd, n.d. (model GS018-
1CF/HZ/VT with a heating capacity of 4.5KW and cooling capacity of 6.5KW) were used for 
calculations. According to its specification, heating COP is at 5.7 while cooling COP is at 
3.8. A cost comparison is made using a vertical and horizontal GSHP system below.  
 
Vertical system 
Estimated cost of heat pump cost $1,500 AUD per installed KW which adds up to $9,675 
when matching cooling demand [ 6.45 x $1500 = $9,645]. A vertical system will require a 
borehole depth of 125m and a land area of 25𝑚2. Drilling a hole cost approximately $80/m 
(Geo Exchange, n.d.) which amounts to $10,000 AUD. With the entire system estimated to 
cost $20,000 AUD and cost of electricity to be constant at 15 cents/KWh, with seasonal 
heating COP to be 2.5 and seasonal cooling COP to be 5.0 this leads to a payback of 15.5 
years. 
 
Horizontal system 
A horizontal system would require 200𝑚2 and a trench of 75 𝑚2. The pipes are laid 3m apart 
and buried 2.5 m in depth. Trenching would cost $40 AUD/m  (Geo Exchange, n.d.) which 
amounts to $3,000 AUD. With the addition of pumps, piping materials and insulation it 
would cost a total of $13,000 AUD. 
With seasonal heating to be 2.2 while seasonal cooling COP to be 4.7, this leads to a payback 
of 10 years 
 
* The cost analysis was done by RetScreen Expert and figures for “input/labour cost” was 
taken via MP Energy Consulting Pty Ltd, n.d. 
State Average values  
 Heating degree days ℃ 
(HDD) 
Cooling degree days ℃ 
(CDD) 
Western Australia  554 3135 
Northern territory  - 5826 
Queensland 325 3606 
Victoria  1110 2000 
New South Wales 569 2877 
South Australia  1080 2463 
Tasmania  2129 878 
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Payback period considering different electricity prices per state for residential usage 
 
 
7 Comparison of GSHP Application and Policy 
 
With Australia committing towards the 2015 Paris Agreement to reduce greenhouse gases 
below the 2005 level by 2030, Environmental Minister Melissa Price had pledged $1 billion 
to finance Climate Finance 2020 (Hannam, 2018), which is an ongoing project from 2015 to 
2020. However, given the fact that Australia’s current rate of carbon emissions are at record 
high, “Ndevr environmental” predicts that Australia will likely miss target by 1.1 billion 
tones. (cox, 2018).  
The challenges faced by Australia to meet the 2015 agreement provides a great opportunity 
for the growth of GSHP application and the development of new technology in similar and 
other related fields.    
A comparison on GSHP application was made with China on the basis that China is one of 
the world’s biggest users of GSHP and it alone emits 30% of global greenhouse gas. GSHP 
was introduced in China since the 90s and it is currently estimated that GSHP provides for 
heating and cooling a significant floor area estimated at 400 million 𝑚2. With Beijing 
announcing to reduce 𝐶02 emissions by 2030, the GSHP will potentially be deployed across 
the world’s second biggest economy. 
 
 
 
As China becomes more urbanized and have relatively better economies, 52% of all GSHP applications are 
used in the 4 highlighted provinces namely, Beijing, Liaoning, Shandong and Jiangsu. 
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Distribution of GSHP application in China. Liu, X., Huges, P., & Cai, Z. (2015) 
 
GSHP first started in 1995 at the New Henderson Building in Beijing and has been expanding 
rapidly ever since. Although GSHP growth was accelerated due to a series of severe haze 
which affected eastern China, these growths were attributed to a key policy supported by both 
national and local governments. The “Law of Renewable Energy of P. R. China” was issued 
in 2006 and this policy allows the government to subsidise towards GSHP application. Hence 
the greatest increase of GSHP appeared in 2007 (Zhang, 2015). 
8 Environmental Effects of GSHP   
 
Naturally, underground temperatures are influenced by two factors: heat within the internal 
core and heat from the surface of earth. Typically, in most countries, at a depth of 15m to 
100m, the ground temperature maintains at a constant temperature which is close to the local 
annual air temperature.  
The constant use of GSHP system results in water evaporation, dissolved oxygen and 
ultimately, a change of temperatures in soil. At a depth of 20m, the range of temperature 
gradient increases between 4.4 to 8.9 degrees. (Fang & Nairen Diao, 2017) In soil condition, 
about 70% to 90% of the microbes are bacteria which are affected by these environmental 
changes. Moreover, the increase in soil temperature results in lower solubility of oxygen 
affecting the growths in plants. After running the GSHP system for several cooling seasons, 
the underground temperature increases over time as shown in the table below. 
Table 8: Soil temperature over time NSW 
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Although it seems like a potential risk of thermal pollution, the fact that the application of 
GSHP in exchange for a considerable reduction of fossil fuel consumption outweighs the 
drawbacks. Moreover, the thermal pollution is confined to the area of GSHP application with 
lesser impact on the overall environment than fossil fuel.    
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9   Conclusion  
 
 
The ground source heat pump system with an average life expectancy of 20 plus years is an 
economically viable system for heating and cooling applications particularly in small scale 
commercial buildings like Lone pines where their payback period is only 5.5 years. Although 
it incurred a higher upfront capital investment cost of around $30,000 but the return in 
savings exceeded the combined operating and maintenance costs. This is particularly 
important in Australia as our energy cost is among the world’s costliest while other 
renewable energy supply has become unreliable in recent years due to severe unpredictable 
weather.  
 
However, for small scale residential households in WA, VIC and TAS, the conventional air 
conditioning system remains the best economical choice as the payback period for GSHP 
would extend beyond 10 years. The reason for this is because of their climate resulting in an 
unbalanced thermal loading. The average heating load required in Melbourne is 
(16,400KWh) much higher than the cooling load (3,800KWh). Contradictorily, climate 
change has a positive impact GSHP because the heating demand will decrease while the 
cooling demand will increase resulting in a more balanced thermal loading. This net change 
would eventually result in a better-balanced ground thermal storage for extracting or rejecting 
heat. 
 
From our sensitivity analysis results, we observed there is potential for improvement on 
GSHP with the biggest impact coming from borehole spacing. Even if it is not financially 
feasible on small scale residential application, we should not shun the idea of GSHP as 
research and development in this and other related fields may deliver new opportunities and 
technological advances in the near future. 
 
In addition, the ground source heat pump system can also greatly reduce greenhouse gas 
emission by half from fossil fuel consumption. As the operation of the GSHP requires little  
electricity produced by burning fossil fuel, it contributes practically nothing to greenhouse 
gas emission.  
 
Finally, GSHP may reduce the incidence and inconvenience resulting from power outage 
during summer where the demand for electricity for air-conditioners is highest. The high 
demand of power leads to a sudden surge in electrical demand causing blackouts. GSHP 
would be particularly useful to address this issue by incorporating solar energy in a hybrid 
system to mitigate its shortcoming of thermal imbalance.  
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10 Risk Assessment & Risk management 
 
Workplace location 
Lone Pines Koala Sanctuary,  
708 Jesmond Road, QLD 4069 
Name of person conducting 
assessment 
Leroy Quek 
Date 22 August 2018 
 
A risk matrix is utilised to show the amount of risk, comparing both likelihood and consequences 
should the risk occur. A risk register is used to rate each risk based on the likelihood and consequence 
Likelihood Consequence 
Insignificant (1) Minor (2) Moderate (3) Major (4) Critical (5) 
Rare (1) 1 2 3 4 5 
Unlikely (2) 2 4 6 8 10 
Possible (3) 3 6 9 12 15 
High (4) 4 8 12 16 20 
Very high (5) 5 10 15 20 25 
 
Risk Rating Category Action 
1-3 Low Reasonable 
risk 
Follow the standards of procedure. Acceptable risk and proceed with 
thesis experiment. 
4-9 Moderate Tolerable 
risk 
Recommended review of currently implemented controls and consider 
suggestion of new controls with supervisor. 
10-
14 
High Prioritise reduction of risk, monitoring and regularly reviewing controls 
with supervisor. 
15-
25 
Severe Critical 
risk 
Risk is too high, do not proceed and caution supervisor/ lab manager of 
possible danger. 
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1 Computer 
crashing/breaking 
Delay to project P, D, 
T 
3 4 8 Save to update data on external hard 
disk and cloud regularly 
1 4 4 
2 Failure in obtaining 
the right numerical 
model 
Delay to project 
progression 
T 2 4 8 Do project every week instead of 
leaving it to the last minute 
1 4 4 
3 Not finding relevant 
studies for thesis 
Delay in 
obtaining key 
information for 
project 
T 2 3 6 Look at similar research areas 
developed using alternative methods 
which might be relevant instead of 
over focusing on similar studies 
1 3 3 
4 Walk through of 
GSHP on Lone pines 
site 
Risk of knocking 
in to pipelines 
and stepping of 
sharp objects 
T, D 2 4 8 Wear safety personal protection 
equipment’s like safety helmet and 
boots 
2 4 8 
5 Inspecting A/C units  Risk of 
encountering live 
wire 
P 1 2 6 Do inspection in the day with 
sufficient day-light. 
1 3 3 
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Risk management for GSHP 
Category Surface works GSHP construction and operation  
Risk level  Design & space  Drilling and earth works Extraction/Rejection of 
heat 
High Ensure site has 
sufficient space for 
heat/cool demand 
specified 
Ensure vibration from drilling 
does not affect ground 
conditions of building or 
neighboring structure  
Consideration of 
operational load with 
respect to other nearby 
GSHP systems 
Medium Where 
groundwater may 
be present in soil at 
site, heat 
extraction/rejection 
performance 
should be 
considered in early 
design stages 
Estimate potential thermal 
properties of ground model 
specific hardware in system 
Model heating/cooling 
loads between borehole and 
soil with respect to long 
term operation to 
demonstrate impact on the 
ground 
Low  Develop detailed drilling 
programmes to minimized 
adverse impact to sensitive 
environment 
Consider historical building 
or protected structure may 
have noise and operational 
hour restrictions 
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12      Appendices 
Soil calculation 
 
 
 
Soil calculation German case study 
 
 
 
 
EES for pressure change 
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EES for 2 ground cylinders 
 
3 cylinders for German case study 
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EES on fluid flow 
 
EES on fluid velocity 
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EES on borehole spacing 
 
 
Excel graph on COP heating/cooling 
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Month Electrical consumption (KW) Mean temperature 
January 577 26.1 
February 423 25.3 
March 546 24.7 
April 398 22.5 
May 292 18.3 
June 233 16.2 
July 287 15.6 
August 413 16.7 
September 472 19.2 
October 487 21.4 
November 548 23.8 
December 631 25.7 
 
RETscreen Expert 
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